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AIR STERILIZING SYSTEM 

RELATED APPLICATION 

This application is a divisional of U.S. Application No. 09/883,861, filed June 
18, 2001, which claims the benefit of U.S. Provisional Application No. 60/213,358, 
5 filed on June 20, 2000. The entire teachings of the above applications are incorporated 
herein by reference. 

BACKGROUND 

Air circulation systems, for example, air conditioning and heating systems in 
buildings and aircraft, have been known to circulate airborne viruses and bacteria, 

10 spreading sickness to the occupants. This is becoming a concern to both the 

manufacturers of such systems as well as the occupants. Some air circulation systems in 
buildings are beginning to address this problem by including an air sterilization system 
therein for sterilizing the air. Typically, in such systems, the air is sterilized by 
irradiating the circulating air with ultraviolet lights. A drawback of this method is that 

15 the sterilization process is dependent upon the time of exposure to the ultraviolet light, 
and therefore, the effectiveness decreases with increasing air velocity. In addition, dust 
collecting on the ultraviolet lights reduces the intensity of the ultraviolet light that 
irradiates the air, which further reduces the effectiveness of the sterilization process. 
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SUMMARY 

The present invention provides a system for sterilizing air that is more effective 
than prior methods, and includes a duct for flowing the air therethrough. A first electron 
beam generator is positioned relative to the duct for irradiating the air flowing 
5 therethrough with a first electron beam. The first electron beam disables or kills 
microorganisms within the air such as viruses, bacteria, fungi, etc., to sterilize the air. 

In preferred embodiments, an air circulator for causing air to flow through the 
duct can be included. In addition, the system can be in or form an air circulation 
system. A converter is positioned within the duct downstream from the first electron 

10 beam generator for converting ozone within the air into oxygen. In one embodiment, a 
reflector is in the duct opposite to the first electron beam generator for reflecting the 
first electron beam. In another embodiment, a second electron beam generator is 
positioned relative to the duct opposite to the first electron beam generator for 
irradiating the air flowing through the duct with a second electron beam. In yet another 

15 embodiment, the duct has two right angle turns on opposite sides of the first electron 
beam generator for providing shielding from radiation. This duct can be collimated. 

The present invention is also directed to a method of sterilizing air which 
includes flowing the air through a duct and irradiating the air flowing through the duct 
with a first electron beam from a first electron beam generator. The first electron beam 
20 disables microorganisms within the air to sterilize the air. The sterilization can occur in 
an air circulation system. 

Additionally, the present invention is directed to a method for sterilizing air 
including flowing the air through a duct and irradiating the flowing air with opposed 
first and second electron beams from first and second electron beam generators for 
25 disabling microorganisms in the air. The first and second electron beam generators are 
positioned relative to the duct opposite from each other. 
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The present invention is further directed to a method of sterilizing air including 
directing an electron beam into a sterilization chamber. The air is directed into the 
sterilization chamber generally against the direction of the electron beam and is 
redirected generally along the direction of the electron beam for irradiating the air and 
5 disabling microorganisms in the air. 

The use of an electron beam to sterilize air in the present invention provides 
more effective sterilization of flowing air than prior methods such as irradiation with 
ultraviolet light because electron beams can disable or kill microorganisms more 
rapidly. In addition, electron beams are affected by dust to a lesser degree than 
10 ultraviolet light. Consequently, the present invention can effectively sterilize air 
flowing at high flow rates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages of the invention will be 
apparent from the following more particular description of preferred embodiments of 
15 the invention, as illustrated in the accompanying drawings in which like reference 

characters refer to the same parts throughout the different views. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of the 
invention. 

20 FIG. 1 is a perspective schematic drawing of an embodiment of the present 

invention air sterilizing system. 

FIG. 2 is graph depicting the energy distribution for a single electron beam 
directed into air. 

FIG. 3 is a graph depicting the energy distribution for two opposing electron 
25 beams directed into air as well as the combined energy distribution of the two beams. 

FIG. 4 is a perspective schematic view of another embodiment of the present 
invention air sterilizing system. 
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FIG. 5 is a graph depicting the energy distribution for a single electron beam 
directed into air, the distribution of energy that is reflected by a reflector positioned in 
the path of the electron beam, and the combined energy distribution of the electron 
beam and the reflected energy. 
5 FIG. 6 is a side schematic view of still another embodiment of the present 

invention air sterilizing system. 

FIG. 7 is a side schematic view of yet another embodiment of the present 
invention air sterilizing system. 

FIG. 8 is a side schematic view of still another embodiment of the present 
1 0 invention air sterilizing system. 

FIG. 9 is a side schematic view of another embodiment of the present invention 
air sterilizing system. 

FIG. 10 is a schematic drawing of air entering an enclosed volume that is 
sterilized by an embodiment of the present invention air sterilizing system. 
15 FIG. 1 1 is a schematic drawing of air within an enclosed volume being sterilized 

by an embodiment of the present invention air sterilizing system in a recirculatory 
manner. 

FIG. 12 is a perspective drawing of yet another embodiment of the present 
invention air sterilizing system. 
20 FIG. 13 is a schematic side sectional view of another embodiment of the present 

invention. 

FIG. 14 is an enlargement of the bottom portion of FIG. 13. 

FIG. 15 is a schematic top view of the reaction chamber of FIG. 13. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, air sterilizing system 10 is employed for sterilizing 
breathable air and is often incorporated into or included in an air circulation system such 
as an air conditioning and/or heating system for killing microorganisms within the 
5 circulated air, for example, viruses, bacteria and fungi (including yeasts and molds), as 
well as pollen, etc. Air sterilizing system 10 can also be employed to circulate air just 
for sterilization purposes. Air sterilizing system 10 includes an air duct 12 which air 
circulates through in the direction of the arrows. Two electron beam generators 14 are 
positioned on opposite sides of the air duct 12, for directing electrons e" from opposed 

10 electron beams 13 into the flowing air in an irradiation zone 1 1 between the electron 
beam generators 14. The electron beam generators 14 are sized to provide complete 
electron beam coverage over the cross-section (width and height) of air duct 12 so that 
virtually all the air flowing through the air duct 12 passes through the electron beams 
13. The electron beams 13 disable or kill airborne microorganisms flowing in the air by 

15 damaging the DNA and/or structural matter, thereby sterilizing the air. Any X-rays 
formed by electrons e" striking the walls of air duct 12 may also help disable some of 
the microorganisms. Typically, a converter 16 is located with air duct 12 downstream 
from the electron beam generators 14 for converting ozone (0 3 ) produced in the 
sterilization process back into oxygen (0 2 ). Consequently, when the treated air is 

20 introduced into an area occupied by people, sterile breathable air is provided. 

A more detailed description of the air sterilizing system 10 now follows. The 
electron beams 13 are emitted into air duct 12 from the electron beam generators 14 
through exit beam windows 14a located at the distal ends of the electron beam 
generators 14. The width of air duct 12 is commonly about the same as the width of the 
25 exit beam windows 14a of electron beam generators 14. The air duct 12 has two 
opposed holes 12a which are configured with the proper size and shape to allow the 
electron beams 13 to enter the air duct 12. Typically, the electron beam generators 14 
are mounted to air duct 12 along a common axis X and in a sealed manner which 
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prevents radiation from escaping to the exterior of air duct 12. The electron beam 
generators 14 are preferably similar to those disclosed in U.S. patent application serial 
number 09/349,592, filed July 9, 1999 entitled "Electron Beam Accelerator", the 
contents of which are incorporated herein by reference in their entirety. Alternatively, 
5 other suitable electron beam generators may be employed. In some air circulation 
systems, the air duct 12 is about 8-12 inches wide by about 5-6 inches high in order to 
obtain a sufficient air flow rate. In one embodiment, air duct 12 is about 10 inches wide 
by about 5 inches wide and the electron beam generators 14 have an exit beam window 
14a with dimensions of about 10 inches by 3 inches. The electron beam generators 14 
10 sized for such a duct typically operate at about 125 kV. In another embodiment, where 
air duct 12 is about 2 inches wide, electron beam generators 14 can be used that have a 
circular exit window 14a that is about 2 inches in diameter and operate at about 80 kV 
tolOOkV. 

For a 5-inch high air duct 12, two electron beam generators 14 operating at about 
15 125 kV are often employed because, as can be seen in FIG. 2, the energy distribution or 
dose of a single electron beam 13 decreases dramatically as the electron beam 13 travels 
through air for an electron beam generator 14 operating at about 125 kV. For example, 
the electron beam 13 dose from a single electron beam generator 14 operating at about 
125 kV is relatively constant for about the first 11/2 inches of travel through air, but 
20 then drops rapidly at distances that are over 1 1/2 inches. Consequently, when operating 
at about 125 kV, in order to obtain consistent sterilization of the air flowing through an 
air duct 12 that is about 10 inches by 5 inches, two opposed electron beam generators 14 
are desirable. FIG. 3 shows that two electron beam generators 14 operating at about 125 
kV which are positioned opposite to each other about five inches apart combine to 
25 produce a relatively constant energy distribution in the air within irradiation zone 1 1 of 
air duct 12. Although the two electron beam generators 14 are depicted as being aligned 
along a common axis X, alternatively, one electron beam generator 14 can be positioned 
or staggered downstream of the other. In a system where air duct 12 only needs to be 
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about 1-2 inches high, the second electron beam generator 14 may be omitted. The 
second electron beam generator 14 may also be omitted in a higher air duct 12 (for 
example, 5 inches high) where consistent or total sterilization is not required. 

If air duct 12 needs to be higher than 5 inches, higher power electron beam 
5 generators 14 than those specified above can be employed. In addition, lower power 
electron beam generators can be employed for smaller air ducts 12. The width of the 
electron beam generators 14 can be varied to accommodate air ducts 12 of different 
widths. For air ducts 12 that have dimensions that are wider than the electron beam 
generators 14, more than one electron beam generator 14 can be mounted side by side to 

10 irradiate the full width. The configuration of such side by side electron beam generators 
14 can be aligned with each other or staggered. In addition, when extremely high air 
speeds are flowing through air duct 12, multiple successive electron beam generators 14 
can be mounted to air duct 12 in the direction of the air flow. As a result, air flowing 
through air duct 12 would be irradiated by successive electron beams 13 thereby 

15 lengthening the time of irradiation to obtain the desired level of irradiation. 

Converter 16 is commonly a reactive catalytic filter having a pellet bed for 
converting ozone flowing therethrough into oxygen. For operation at room temperature, 
the pellet bed typically includes spherical manganese dioxide pellets. For higher 
temperatures, the pellets are typically formed of platinum. The converter 16 is often 

20 positioned adjacent to the electron beam generators 14 as shown but, alternatively, can 
be positioned near the exit of air duct 12. When converter 16 is near the exit of a 
lengthy air duct 12, ozone within the flowing air formed by the electron e" irradiation 
can react with or neutralize any other microorganisms or contaminants that are on the 
walls of the air duct 12 downstream from the electron beam generators 14. In some 

25 cases, it may be desirable to omit converter 16 altogether. 
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Typical uses for air sterilizing system 10 are in the air circulation systems of 
aircraft as well as hospitals, for example, the main air circulation system, or the 
circulation systems for surgery or recovery rooms. Other uses include systems for 
hotels, schools, theaters, underground mines, malls, submarines, ships, motorized 
5 vehicles, etc. 

Referring to FIG. 4, air sterilizing system 25 is another embodiment of the 
present invention which differs from air sterilizing system 10 in that a single electron 
beam generator 14 is employed for generating a single electron beam 13 and a reflector 
15 is positioned within air duct 12 on the wall opposite to the electron beam generator 

10 14. The electron beam generator 14 and the reflector 15 are positioned along axis X 
with the irradiation zone 1 1 occupying the space or area therebetween. Some of the 
electrons e* from the electron beam 13 strike the reflector 15 and are reflected back into 
the air flowing through air duct 12 within irradiation zone 11. Typically, reflector 15 is 
formed from a high density material having a high Z number such as lead, or tungsten, 

15 etc. Reflector 15 can be mounted within air duct 12 or, alternatively, the air duct 12 
itself can be formed of the high density material at least in the region surrounding 
irradiation zone 11. Referring to FIG. 5, it can be seen that the electron beam 13 and the 
energy reflected by the reflector 15 combine to produce a relatively constant energy 
distribution in the air within irradiation zone 1 1 . For an electron beam generator 14 of 

20 about 125 kV, the graph of FIG. 5 depicts a relatively constant energy distribution for an 
air duct 12 having a depth or height of about 2.5 inches from the electron beam 
generator 14. This dimension can be increased when using an electron beam generator 
14 of greater power. 

Referring to FIG. 6, in still another embodiment of the present invention, air 
25 sterilizing system 22 is similar to air sterilizing system 10, differing in that air duct 12 
includes two vertical legs 18 and horizontal legs 20 extending from a central duct 
portion 12a on opposite sides of the electron beam generators 14 for providing shielding 
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from X-rays generated by the system. The zig zag path configuration of the legs 18 and 
20 does not provide a straight path for X-rays to escape from either the entrance or exit 
of air duct 12. Horizontal legs 20 are typically parallel to central duct portion 12a while 
vertical legs 18 are at a right angle. Air duct 12, including legs 18/20, may be formed of 
5 lead or steel. 

Referring to FIG. 7, in yet another embodiment of the present invention, air 
sterilizing system 26 differs from air sterilizing system 22 in that system 26 includes a 
collimation system 24 consisting of a series of small ducts 24a of laminated lead or steel 
extending through legs 18/20 into central duct portion 12a in a zig zag configuration. 

1 0 This provides better shielding of X-rays and allows the legs 1 8/20 and central duct 
portion 12a to be made much smaller than that required for air sterilizing system 22. 
For example, the legs 18/20 of air sterilizing system 26 may be less than one half the 
size of those in system 22. The converter 16 for converting ozone into oxygen is shown 
to be downstream from the collimation ducts 24a but, alternatively, can be upstream. 

15 Both air sterilizing systems 22 and 26 (FIGs. 6 and 7) may also include any of the 

features or variations previously discussed above in regard to air sterilizing systems 10 
and 25. In addition, legs 18/20 can be formed at angles that are not right angles and still 
be in a zig zag configuration. 

Referring to FIG. 8, in still another embodiment of the present invention, air 
20 sterilizing system 30 includes an air circulator 32 such as a blower or fan for generating 
the air flow through air duct 12 past electron beam generators 14. A distribution 
junction 28 allows the sterilized air to be distributed into a series of smaller ducts 28a 
for distribution. A single converter 16 is shown before junction 28 for converting ozone 
into oxygen but, alternatively, a series of converters 16 can be positioned within each 
25 duct 28a. 
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Referring to FIG. 9, in another embodiment of the present invention, air 
sterilizing system 34 differs from air sterilizing system 30 in that instead of employing 
two large electron beam generators 14 within air duct 12, system 34 includes a series of 
small electron beam generators 14 positioned along each individual duct 28a. Each duct 

5 28a may be employed for providing air to an individual user or to separate zones. 

Typically, the ducts 28a are narrow enough so that only one electron beam generator 14 
is required for each duct 28a but two may be used if the air ducts 28a are made larger. 
In addition, reflectors 15 may be employed. Both air sterilizing systems 30 and 34 can 
include any of the features or variations previously discussed above in regard to air 

10 sterilizing systems 10, 22, 25 and 26. 



Referring to FIG. 10, in yet another embodiment, an enclosed volume 36 such as 
a room, hall, cabin, or building, has an air sterilizing system 35 with an air sterilizing 
intake system 38 for providing fresh sterilized air into the volume 36. The intake 
system 38 is schematically shown with only one electron beam generator 14 for 

15 simplicity and is typically similar to either air sterilizing system 10 (FIG. 1), 25 (FIG. 4), 
22 (FIG. 6) or 26 (FIG. 7). An air circulator 32 forces the air into the volume 36. Air is 
circulated out of the volume 36 by another air circulator 32 through exhaust duct 42. If 
the sterilized air introduced into the volume 36 is to be directed through a series of vents 
spaced apart from each other, then the intake system 38 can be similar to either air 

20 sterilizing system 30 (FIG. 8) or air sterilizing system 34 (FIG. 9). In addition, if 

volume 36 is relatively air tight, one of the air circulators 32 can be omitted. Although 
the intake system 38 is shown to be at the top of volume 36 and the exhaust duct 42 at 
the bottom, the position and level of either can be varied to suit the situation at hand. 



Referring to FIG. 1 1, in another embodiment, an air sterilizing system 40 is 
25 employed within the volume 36 for circulating and sterilizing air contained within the 
volume 36. Air sterilizing system 40 can be similar to air sterilizing systems 10, 25, 22 
or 26. In addition, when multiple delivery vents are desired, air sterilizing system 40 
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can be similar to either air sterilizing system 30 or 34. Although the intake and exhaust 
of air sterilizing system 40 are shown to be near each other, alternatively, the intake and 
exhaust can be distantly positioned, such as on opposite sides of volume 36. 
Furthermore, although no intake or exhaust ducts into and out of volume 36 are depicted 
5 in FIG. 11, alternatively actively powered or passive intake/exhaust ducts or vents can 
be included. 

Referring to FIG. 12, air sterilizing system 45 is yet another embodiment of the 
present invention that can be employed for sterilizing air flowing through a circular 
conduit or duct 44. System 45 includes a rectangular duct portion 48 to which opposed 

10 electron beam generators 14 are mounted. Typically, duct portion 48 has a lower height 
than duct 44, but is greater in width. This allows electron beam generators 14 to be 
employed for sufficiently treating air flowing through duct 44 with electron beams 13 
which ordinarily would not have a high enough power for penetrating deeply enough 
through the flowing air in duct 44 to obtain sufficient treatment. Transition portions 46 

15 connect duct portions 48 to the duct 44 on opposite sides of duct portion 48. Transition 
portions 46 have a height that decreases moving from duct 44 to duct portion 48 and a 
width that increases moving from duct 44 to duct portion 48. Typically, transition 
portions 46 have angled top, bottom and side walls, but alternatively, the walls can be 
curved. Electron beam generators 14 are abutted in side by side relation in order to 

20 provide continuous electron beam coverage across the width of duct portion 48. One or 
more additional rows of electron beam emitters 14 can be positioned in the direction of 
flow to lengthen the time of irradiation, as shown. If the height of the duct portion 48 is 
low enough, a single unopposed row of electron beam emitters 14 can be employed. 
Although a converter 16 is not depicted in FIG, 12, it is understood that such a feature 

25 can be included in system 45. In addition, the angled transition portions 46 can be 
employed when using two opposed electron beam generators 14 or a single electron 
beam generator 14. 
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Referring to FIGs, 13-15, air sterilizing system 50 is yet another embodiment of 
the present invention which is suitable for treating relatively small flow rates. System 
50 includes a small low power electron beam generator 14 that is mounted to a reaction 
or sterilization chamber 52. Electron beam generator 14 includes a cylindrical housing 
5 54 having an exit window 14a at one end. An electron gun 56 positioned within the 
housing generates electrons e" which are accelerated through exit window 14a in an 
electron beam 13. The distal end of the housing 54 of electron beam generator 14 is 
mounted to reaction chamber 52 in a manner where the exit window 14a is positioned 
and sealed over the interior cavity 52a of reaction chamber 52 so that electrons e" 

10 generated by electron gun 56 can be accelerated through exit window 14a into cavity 
52a. Reaction chamber 52 has an inlet 58 through which flowing air enters. A nozzle 
62 (FIGs. 14 and 15) is positioned at or near the end of inlet 58 for directing a jet of air 
into the cavity 52a towards exit window 14a with the central axis of the jet being 
substantially perpendicular to exit window 14a and generally axially or along the same 

15 direction as electron beam 13. The nozzle 62 is centrally positioned at the bottom of 
cavity 52a opposite to exit window 14a for uniformly directing the air towards exit 
window 14a. The intensity of the electron beam 13 into the flowing air increases from 
close to zero at the bottom of cavity 52a to about full intensity adjacent exit window 
14a. Consequently, the irradiation zone 1 1 in the area near exit window 14a has the 

20 highest intensity of electrons e". 

The air is treated by the electron beam 13 in the irradiation zone 1 1 as it flows 
toward exit window 14a and then flows away from exit window 14a into a series of 
outlets 64 equally positioned about or around nozzle 62. This results in a mushroom 
shaped flow of substances. The air is irradiated in both the forward and backward flow 
25 directions with the increasing and decreasing electron beam irradiation intensity 

combining to result in relatively uniform irradiation. Consequently, cavity 52a acts as a 
reverse flow duct in which the flow of air reverses direction. In one embodiment, four 
outlets 64 are employed. The outlets 64 are in communication with a chamber 66 which 
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is connected to the outlet 68 of reaction chamber 52 through which the treated air flows. 
In such an embodiment, electron beam generator 14 can have a 2 inch diameter exit 
window 14a and operate at about 60 kV with reaction chamber 52 having a cavity 52a 
of about 2 inches in diameter by about 2 inches high. In addition, any separating or 
5 filter devices 16 would be positioned downstream from the outlet 68 of reaction 
chamber 52. Inlet 58, nozzle 62, cavity 52a, outlets 64, chamber 66 and outlet 68, 
including connections to inlet 58 and outlet 68, can be considered to form a continuous 
duct. 



While this invention has been particularly shown and described with references 
10 to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
scope of the invention encompassed by the appended claims. 



For example, instead of positioning two large electron beam generators 14 
opposite to each other, alternatively, a series of small electron beam generators 14 may 

15 encircle a circular or an annular shaped air duct for radially directing a series of electron 
beams therein. In a rectangular duct configuration, electron beam generators 14 can be 
positioned on all four sides. It is understood that the air ducts described above can be 
rectangular, polygonal, circular or curved in cross section, and that the dimensions or 
cross sectional area can be varied depending upon the application at hand. Also, the 

20 size and capacity of the electron beam generators 14 can be varied to suit particular 
applications. Although the graphs of FIGs. 2, 3 and 5 are for electron beam generators 
14 operating at about 125 kV, the shape of the curves is similar for any operating 
voltage or power. Additionally, various features of the air sterilizing systems described 
above may be combined, substituted or omitted. In all the air sterilizing systems 

25 described above, a general filter for capturing large particles and debris can be 

positioned upstream of the electron beam generators 14. An air circulator 32 can be 
positioned either upstream or downstream of the electron beam generators 14, or both. 
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In some cases, some or all air circulators 32 may be omitted if circulation can be 
provided through the air ducts by other means, such as natural air currents. 
Furthermore, in addition to disabling microorganisms in air, some contaminants in the 
air such as chemicals, vapors or gases, may be removed or neutralized by the present 
invention. Finally, the air sterilization systems of the present invention can be part of or 
be within an air circulation system, or can be itself an air circulation system. 



